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Abstract 
 
Casting production constitutes environmental problems going far beyond the foundry plant area. Applying a notion of the life cycle the 
input (suppliers side) and output factors (clients side) can be identified. The foundry plant activities for the environment hazard mitigation 
can be situated on various stages of the casting life cycle.  
The environment impact of motorisation castings made of different materials – during the whole life cycle of castings – are discussed in 
the paper. It starts from the charge material production, then follows via the casting process, car assembly, car exploitation and ends at the 
car breaking up for scrap. 
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1.  Life Cycle Assessment  
 
Each product influences the environment, and life cycles of 
majority of products are long and complex. Therefore, in order 
to  limit  -  as  much  as  possible  -  the  given  product  negative 
environment impact it is necessary to assess its influence in all 
phases  of  the  life  cycle,  which  will  allow  to  undertake  the 
adequate decisions concerning limitation of this impact. Such 
modus  operandi  should  also  lead  to  reducing  of  production 
costs, utilization and disposing of products after their working 
time  ended,  as  well  as  to  improvement  of  the  enterprise 
competitiveness. The Life Cycle Assessment (LCA) method of 
products (notion ‘product’ contains also services) is aimed to 
achieve the above [1].  
LCA  studies  the  environmental  aspects  and  potential 
impacts throughout a product’s life (i.e. cradle-to-grave) from 
raw material acquisition through production, use and disposal. 
The  general  categories  of  environmental  impacts  needing 
consideration  include  resource  use,  human  health,  and 
ecological consequences [2]. LCA can assist in: 
-  identifying  opportunities  to  improve  the 
environmental aspects of products at various points in 
their life cycle, 
-  decision-making  in  industry,  governmental  or  non-
governmental  organizations  (e.g.  strategic  planning, 
priority  setting,  product  or  process  design  or 
redesign), 
-  selection  of  relevant  indicators  of  environmental 
performance, including measurements techniques, 
-  marketing (e.g. an environmental claim, ecolabelling 
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This method allows to divide systematically each produced 
object into component parts and processes of its production and 
to measure – with a precision close to the surgical one – their 
influence on the nature from the moment of leaving the plant up 
to its final disposing of. Application of the life cycle assessment 
enables  the  qualitative  and  quantitative  identification  of 
ecological  hazards  in  three  categories:  „human  health”, 
„ecosystem quality”, and „resources consumption” [3] resulting 
from all life stages of the product, which include [4]: 
  Mining and processing of mineral raw materials, 
  Producing (production process), 
  Distribution, 
  Transport, 
  Using, 
  Reuse, 
  Recycle, 
  Final neutralization of wastes.  
There are four phases in LCA study (Fig. 1): 
-  the goal and scope definition phase, 
-  the inventory analysis phase, 
-  the impact assessment phase, 
-  the interpretation phase 
 
 
Fig. 1. Phases of LCA [2] 
  
The life cycle inventory analysis phase (LCI phase) is the 
second phase of LCA. It is an inventory of input/output data 
with  regard  to  the  system  being  studied.  It  involves  the 
collection of the data necessary to meet the goals of the defined 
study.  
The life cycle impact assessment phase (LCIA) is the third 
phase of the LCA. The purpose of LCIA is to provide additional 
information to help assess a product system’s LCI results so as 
to better understand their environmental significance. 
Life  cycle  interpretation  is  the  final  phase  of  the  LCA 
procedure, in which the results of an LCI or an LCIA, or both, 
are  summarized  and  discussed  as  a  basis  for  conclusions, 
recommendation  or  decision-making  in  accordance  with  the 
goal and scope definition. 
LCA  is  one  of  several  environmental  management 
techniques  (e.g.  risk  assessment,  environmental  performance 
evolution,  environmental  auditing,  and  environmental  impact 
assessment) and might not be the most appropriate technique to 
use in all situations. 
The  LCA  documents  production  details  –  what  kind  of 
materials are used, how much energy is consumed, what kinds 
of  contaminations  are  generated,  which  poisonous  substances 
are formed and how much of them enter the environment – in 
each basic link of a very long technological chain.  
In the concept of the sequence of values it is measured in 
what way each stage of the product life, from the moment of 
mining of a raw material via its production up to distribution, 
increases its value. However, there is a lack of an important part 
in the notion of the sequence of values – while the added values 
are  traced  at  each  stage,  the  subtracted  values caused  by  the 
negative influence of a product are ignored. Thus, this sequence 
seen from the perspective of the life cycle analysis, determining 
a  negative  influence  impact  and  public  health  of  each  link 
reveals its minuses. Information on an antiecologic influence of 
an enterprise or product is of a strategic meaning. Each negative 
information  revealed  during  performing  the  LCA  constitutes  
a  potential  possibility  of  a  production  modernization,  and  in 
consequence of  an  improvement  of  ecological  impacts  of  the 
given product. Assessments of pluses and minuses in the whole 
sequence  provide  bases  for  business  decisions,  which  would 
increase pluses and decrease minuses. 
Social influences should be also taken into consideration in 
the  life  cycle  assessment.  They  comprise  such  problems  as: 
compulsory  labor,  children’s  labor,  fair  remuneration,  and 
medical care. Then we are obtaining information on positive and 
negative influences on people. 
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2.  Castings for automotive industry 
 
Castings made for automotive industry were selected as an 
example, for the life cycle assessment, since they constitute the 
largest  fraction  of  the  casting  production  in  the  majority  of 
countries, including Poland (Fig. 2).  
 
 
Fig. 2. Main buyers of castings in 2010 [5] 
 
Automotive industry is under continual pressure related to  
a harmful environmental impact of transport, especially motor 
transport.  Main  activities,  aimed  at  limiting  this  harmful 
influence, concentrate on a fuel combustion improvement and 
on looking for new supply sources (cars supplied with gas, with 
hybrid  motors  or  supplied  with  electric  energy).  Another 
important  activity  is  striving  to  achieve  a  vehicle  weight 
reduction. This comprises a gradual substitution of cast iron by 
aluminum  alloys  (also  magnesium  alloys)  in  production  of 
individual cast vehicle elements (Fig. 3)
1. 
Such  activity  direction  will,  for  sure,  reduce  fuel 
consumption and thereby reduce the environment contamination 
emission, however, effectiveness of such actions depends on the 
class of a car. In the typical small car, of a weight of app. 80 0 
kg, a weight of an engine constitutes only 15%, while an engine 
block cast of aluminum, weights 20% of the whole engine, 
which means not even 4% of the total car weight. In a car of   
a weight of 1100 kg the aluminum fraction is 5.4% (app. 60 kg) 
[6]. 
                                                            
1 The average fraction of aluminium alloys in the USA was 124 
kg/vehicle in 2002, 181 kg/vehicle in 2005, and it is expected 
that it will obtain 200 kg or even 250 kg. It is assumed, that in 
the year 2040 above 30% of aluminium wastes will be generated 
by a transport application. Moreover, 2/3 of aluminium used in 
motorisation in the year 2000 constituted castings.  
 
Fig. 3. Impact of weight and engine on carbon dioxide emission 
from cars [7] 
 
However, the car exploitation is only one of the links of the 
whole sequence of processes related to casting production, their 
use  and  utilization.  Therefore  for  the  estimation  of 
environmental  effects  of  substituting  cast  iron  castings  by 
aluminum alloy castings it is necessary to trace the whole life 
cycle of such castings.  
 
 
3.  Aluminum and iron as a material 
of construction for automobile  
 
The production of 1 Mg aluminum (primary) requires 164 – 
171 GJ of energy. The production of 1 Mg of iron requires 16,8 
– 18,8 GJ of energy [6]. Under this premises the primary energy 
demand for production of 1 Mg of aluminum is 9 to 10 times 
higher than that for pig iron.  
The  machinability  of  aluminum  is  generally  good,  even 
when its mechanical properties are worsened by an increase in 
the content of Si. Heat conductivity is another property in favor 
of  aluminum,  because  it  improves cooling  of  the  motor.  The 
major disadvantages of aluminum in using aluminum in engine 
blocks are: lower tensile strength, in particular the hot tensile 
strength (Fig. 5), the poor damping qualities (result in increased 
noise  emission),  a  higher  thermal  expansion  coefficient  (it  is 
problems at the point where aluminum has to be attached rigidly 
to steel) and lower wear resistance (Table 1).  
The advantages of cast iron as a material of construction are 
its:  high  tensile  and  fatigue  strength  at  room  and  elevated 
temperatures, high rigidity, good wear resistance, good damping 
qualities and a coefficient of expansion that is very similar to 
steel (Table 1). The main disadvantage of cast iron is its higher 
specific  gravity.  This  is  the  reason  why  motor  blocks  of 
particular capacity made out of cast iron weigh more (Fig. 4). 
The next disadvantage is the higher casting and solidification 
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Fig. 4. Weights and capacities of various gray iron and 
aluminum motor block [6]. (The points in this diagram marked 
with arrows are examples of redesigned cast iron motors where 
the weight has been reduced) 
 
 
 
 
Fig. 5. Tensile strength vs. temperature [6]
Table 1. 
Physical and mechanical properties of aluminum, iron (steel) and cast iron [6] 
PROPERTIES  UNIT 
AL  FE  GRAY IRON 
(GG) 
DUCTILE 
IRON (GGG) 
pure  pure  10-40  40-70 
Atomic weight  [g]  26.982  55.847  48.44
1)  48.44
1) 
Density (solid)  [g/cm
3]  2.702  7.86  7.1-7.35  7.06-7.44 
Density (liquid),  [g/cm
3]  2.38
2)  7.01
2)  7.1
2)  7.1
2) 
Melting point  [ºC]  660.37  1536  1120-1180  1120-1180 
Specific heat capacity, 20ºC  [J/g·K]  0.896  0.450  0.46-0.55  0.46-0.55 
Thermal expansion coefficient, 0ºC  [K
-1·10
-6]  23.9  11.7  11.7
3)  11.4-12.8 
Heat conductivity, 25ºC  [W/m·K]  237  74.4  45-52  25-42 
Tensile strength  [N/mm
2]  39-49  340-470
4)  250-350
5)  350-500
6) 
E-modulus  [kN/mm
2]  66.6  200-210  103-118
5)  160-180 
0,2% yield strength  [N/mm
2]  10-25  235
4)  165-228
7)  220-320
6) 
Elongation  [%]  30-45  26
4)  0.3-0.8  7-22
6) 
Brinell hardness  [HB 30]  15  400-600  180-250  110-220
6) 
1)  Calculated for cast iron with 3.5%C and 2.5%Si 
2)  Close to the melting point 
3)  Value for GG25 (gray iron) at 20-200ºC 
4)  Steel grade St.37 
5)  Quality GG25 
6)  Mainly ferritic qualities GGG 35,3 – GGG 50 (ductile iron) 
7)  0.1% yield strength with GG 25 
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4.  Life cycle assessment of automotive 
castings
2
 
 
The life cycle assessment of automotive castings contains 
the following phases [8]:  
-  material production (primary and secondary), 
-  foundry process, 
-  manufacturing and assembly, 
-  auto use phase, 
-  end-of-life management. 
The automotive casting of aluminum alloy (3.5 kg) and the 
corresponding casting of nodular cast iron (DILIGHT) (4 kg) 
and of grey cast iron (5 kg) [8] were selected for investigations. 
The  energy  consumption  and  the  global  greenhouse  effect 
expressed  as  the  equivalent  amount  of  emitted  CO2  were 
assumed as the environmental impact criteria.  
Five variants of the casting life cycle were considered. As 
the initial variant the following was considered, that the metal to 
be converted into casting was primary material i.e. pig iron from 
blast furnace for the cast iron and aluminum ingot from smelter 
for aluminum casting. In the four scenarios it was assumed that 
the  metal  converted  into  casting  comprised  from  75%  to  0% 
primary  and  25%  to  100%  secondary  material.  The  term 
secondary material was used as recovered and recycled material. 
For the analysis of the automotive casting life cycle three 
phases  –  which  have  the  largest  environment  impact  -  were 
selected: material production (primary and secondary), foundry 
process, auto use phase.  
The global greenhouse potential expressed by the equivalent 
CO2 amount for individual phases of the casting life cycle at 
assuming that the metal charge consisted in 100% of primary 
materials (it means of materials which production is the most 
energy consuming)
3 is shown in Figure 6. 
The output from the LCA model prod uced a total live  – 
cycle  inventory  of  greenhouse  gases  of  102,029  kg  CO2 
equivalents  for  the  aluminum  casting,  moreover,  the  highest 
fraction of this value constitutes the automobile use phase: CO2 
equivalent equals 53.969 kg, which is 52%.  
 
                                                            
2 The presented data are mainly taken from Project No. G5RD-
CT-2000-00379  realised  within  the  Fifth  Framework 
Programme  (GROWTH)  by  the  A.J.  Clegg’s  team  in  Great 
Britain [8]. 
3 In these calculations using an average figure for fuel saving of 
0.2  liter/100  km   per  100  kg   weight  reduction  (with  an 
economical engine the saving is halved) and a weight saving 
through using an aluminum block of 20 kg. Over its lifetime   
a car driving 160 000 km would save 64 liters of fuel. Assuming 
an average fuel consumption of 9.5 liters/10 0 km, then the car 
would consume 15 200 liters of fuel during its lifetime. The fuel 
saved by using an aluminum block would amount 0.42% (An 
annual average distance driven was 14 250 km) [6]. 
 
 
Fig. 6. Comparison of the global warming potential (GWP) for 
different life cycle stages [8] 
   
The material production phase contributes 34% (34.690 kg 
CO2) and the foundry processes the remaining 14% (14.284 kg 
CO2)  over  the  life  cycle  of  the  product  system.  For  the 
equivalent  cast  iron  casting  the  total  greenhouse  gases  are 
86.807 kg of which the foundry process contributes 5% (4.340 
kg CO2), the material production 6% (5.208 kg CO2) and the use 
phase 89% (77.258 kg CO2). Similar data were generated for the 
other life cycle scenarios and, as would be expected, the values 
for metal production, the auto use phase and the total life cycle 
were  reduced.  EU  study  showed  that  the  production  of  
1  Mg  of  cast  non-ferrous  metal  (chiefly  aluminum)  requires 
approximately 50% more primary energy that 1 Mg of cast iron 
or steel [6]. 
The LCA data was used to construct graphs that related the 
GWP  of  the  alternative  materials  to  the  distance  traveled  by  
a car in the use phase. The graph prepared for charge consisting 
in 100% of primary materials (aluminum and foundry pig iron) 
is presented in Figure 7. The „break - even” point show how far 
the car must travel before the beneficial effects of lower mass 
compensate for the energy in primary production and foundry 
processing. 
When the life cycle effects of using primary materials are 
considered the benefit of reduced fuel consumption when using 
aluminum (instead of cast iron) is not realized until a distance of 
250 000  km  has  been  exceeded.  This  demonstrates  very 
significant  influence  that  primary  production  has  on  energy 
consumption and global warming. 
In  case  of  the  application  50%  of  primary  and  50%  of 
secondary materials, an advantageous effect of such substitution 
can be observed barely after the mileage of 150 000 km. The 
energy  consumption  reduction  occurs  then  for  all  considered 
alloys, while the highest is for aluminum alloys (Fig. 7).  
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Fig. 7. Comparative global warming potential (GWP) (CO2 
equivalents) [8] 
 
 
Conclusions 
 
1.  With aluminum castings a reduction in the weight and 
fuel consumption is achievable. The weight reduction 
in  small  motors  is,  however,  minimal  because  the 
advantage  of  lower  specific  gravity  of  aluminum  (a 
mass saving is 23%) is negated by its less favorable 
mechanical properties. 
2.  The demand for energy for the aluminum product is 
30% higher than it is for alternative cast iron product. 
This is turn generates a global warming potential that 
is 15% higher. 
3.  Aluminum suffers from large price changes. A future 
increased  demand  from  automobile  industry  will 
surely lead to still higher prices. 
4.  The distance that car must travel before the reduction 
mass of aluminum begins to provide a reduction in the 
life cycle energy consumption and global warming is 
250 000 km when only primary materials are used. 
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